The cherry tomato is a vegetable that is gaining great prominence commercially and, for this reason, are being developed alternatives that aim to its production of more sustainable way. Among these alternatives are the use of organic fertilizers and barriers alive. The objective of this study was to evaluate the growth and gas exchange of cherry tomato plants (Solanum lycopersicum var. Cerasiforme) cultivated under different organic fertilizations in an environment with and without alive barrier. The experimental design was randomized blocks with split-plot to the variables leaf area, leaves dry mass and stem dry mass, relative index of chlorophyll, photosynthetic rate, stomatal conductance, transpiration and water use efficiency, being the plots defined by two environments (with or without barrier) and the subplots formed by the sources of organic fertilizer (chicken manure, bovine manure and without fertilization), with five repetitions. As for the variables plant height, stem diameter, used a split-split plot design with sub-subplots formed by the seven evaluation epochs (7, 14, 21, 28, 35, 42 and 49 days after transplanting). When cultivated in alive barrier environment and under fertilization with chicken manure, cherry tomato plants presented higher growth in height and stem diameter, with no difference between the leaf and stem dry masses. In contrast, the without alive barrier environment provided an increase in chlorophyll content and increases of 55.38%, 34.49% and 46.81% in stomatal conductance, photosynthesis and transpiration, respectively. For WUE, the environment with alive barrier was higher in 18.71%.
Introduction
Tomato (Solanum lycopersicum L.) is one of the most produced vegetables in Brazil, both for its socioeconomic aspects and for its nutritional content (Souza, Moreira, Ferreira, & Matos, 2010) . It stands out as being an extremely demanding in nutrient crop and influenced by climatic conditions (Carvalho, Bastos, & Alvarenga, 2004) . Among the most cultivated varieties is the cherry type (Solanum lycopersicum var. Cerasiforme), due to its great acceptance in the market and compensating prices. Its production and commercialization have been boosted in the last years, since this fruit of sweetish taste and reduced size has become a versatile ingredient of modern gastronomy (Pinho et al., 2011) . species, adoption of adequate irrigation management practices, crop rotation, cultivation in protected environments , use of organic inputs and use of alive barriers (Harvey et al., 2003) .
The use of organic inputs is configured as an easy obtain alternative that generates relatively low costs, since it can use natural inputs produced on the property of farmers, as is the case with animal manures. In addition, these fertilizers can promote benefits in improving the physical, chemical and biological properties of the soil (Cavalcante, Vieira, Santos, Oliveira, & Nascimento, 2010) . Several authors have shown that their use can increase biometric and gas exchange variables in plants Viana et al., 2013) . However, the limit of application of these inputs should be controlled, since high doses can cause reduction in production, toxicity, among others.
Regarding the living barrier, some studies show its efficiency in reducing pests in crops, in minimization impacts of winds, conservation and diversification the fauna and flora of agroecosystems, as well as establishing microclimates for the development of cultures (Tobar & Ibrahim, 2010; Ossa-Lacayo, 2013) . However, there is a paucity of work in relation to its effects on the growth and physiology of agricultural crops.In this context, the objective of this study was to evaluate the use of alive barrier and the effects of different sources of organic fertilization on the growth and physiology of cherry tomato.
Material and Methods
The experiment was conducted during the period from May to September 2017 in two areas belonging to the Experimental Farm of the University of International Integration of Afro-Brazilian Lusophony (UNILAB), located in Redenção-CE, Brazil, at a latitude of 04º14′53″ S, longitude of 38º45′10″ W and average altitude varying between 240 and 340 m. According to Köppen (1923) , the climate of the place is classified as Aw', that is, rainy tropical.
One of the areas was intended for the planting of cherry tomatoes under the protection of alive barrier composed of maize (Zea mays L.) and cowpea (Vigna unguiculata L.). The experimental area was 300 m 2 , of which 228 m 2 were used for planting tomatoes, and the remainder destined for planting of the alive barrier. In the other environment, which did not use alive barrier, only 228 m 2 were occupied, an area destined for the planting of cherry tomatoes. The mean temperature during the experiment was 30.09 °C in the area with alive barrier and 31.21 °C in the area without alive barrier, while the average relative humidity was 59.97% and 57.10%, respectively.
The experimental design was randomized blocks in subdivided plot scheme, with five repetitions. For the variables plant height (PH) and stem diameter (SD), was used a scheme of split-split plot, the plots being defined by the two environments (with barrier and without alive barrier), the subplots formed by sources of organic fertilizer (chicken manure, bovine manure and without fertilization), and sub-subplots, by seven evaluation epochs (7, 14, 21, 28, 35, 42 and 49 days after transplanting-DAT). These variables were evaluated as a function of time for that could accompany the growth of the plants in the course of their vegetative stage. As for the other biometric variables and for the physiological variables, the scheme used was subdivided plots, being the plots defined by the two environments and the subplots by the three sources of organic fertilization.
For this study were used seeds of red cherry tomatoes of the brand TopSeed Garden, obtained in an agricultural store. Maize seeds, as well as cowpea seeds, were supplied by the seed bank of the Experimental Farm of UNILAB.
The seeds of maize and cowpea were sown in a position perpendicular to the direction of the wind forming alive barrier, in order to protect the crop of interest (tomato). In order to verify the direction of the wind, was used a windsock made by hand. It is noteworthy that both crops were planted 45 days prior to transplanting the tomato, using three seeds per pit.
The seedlings were obtained by planting cherry tomato seeds in polystyrene trays constituted of 100 cells, filled with substrate composed of earthworm humus (2:1, v:v). In each cell were seeded three seeds. To 15 days after sowing the tomatoes were thinned, leaving only one seedling per cell. The seedling transplanting to the field occurred when the seedlings presented size of 10 to 15 centimeters or three pairs of definitive leaves.
After transplanting, during the whole cycle of the tomato plants, the necessary cultural practices were carried out for the proper conduction of the crop, such as cutting, staking methods, cleaning of old leaves and weeds. The staking method used was vertical, where the plants were tied vertically in tutors such as wood stakes and wire. This type of tutoring confers better distribution of solar radiation and ventilation and greater efficiency of phytosanitary control (Wamser, Becker, Santos, & Mueller, 2008) .
A composite sample of each environment (with and without alive barrier) was used, obtained by the homogenization of simple soil samples taken between the 0 and 20 cm layers of each area, collected through the method of walking in zig-zag. After being duly identified, they were referred to the Laboratory of Soil Chemistry and Fertility, Federal University of Ceará (UFC), to determine the main chemical attributes, the results of which can be observed in Table 1 . According to Table 1 , it can be seen that nutrient contents in the soils of both areas differ from one another, which was due to the fact of the historic of crops in these places. For this reason, rates of manure were calculated proportionally and taking into account these values.
With the tanning process of both manure already finished, samples of approximately 500 g were collected from each of them and sent to the Laboratory of Chemistry and Soil Fertility, UFC, for chemical analysis. The results can be seen in Table 2 . Table 2 . Chemical composition of the manures applied to the soil for the cultivation of cherry tomato plants Source: Laboratory of Chemistry and Soil Fertility of the Federal University of Ceará.
Analyzing Table 2 , it can be observed that when comparing the nutrient contents of both manures, among them, they diverge in considerable amounts. This fact was also taken into account during fertilization calculations.Before the application of the fertilizers, the draw of the blocks was carried out, being considered useful plants (for evaluation purposes) those located in the central parts of each block. After that, the fertilization recommendation proposed by Tedesco et al. (2004) was used, being adapted proportionally to the conditions predicted in the soil analysis of the two cultivation areas, as well as to the nutritional need of the tomato for nitrogen, phosphorus and potassium.
In the area with alive barrier were applied per plant and according to the treatments, the amount of 1.15 kg of bovine manure and 0.18 kg of chicken manure; in the area without alive barrier, the amount applied was 1.18 kg of bovine manure and 0.18 kg of chicken manure, thus providing the amount of nutrients needed for the plants in the different areas.
In order to improve the use of fertilizers by the plants, their applications were parceled, being the foundation fertilization carried out 10 days prior to transplanting, where 1/3 of the total fertilization was applied, and the cover fertilization carried out 30 days after transplanting, where was applied 2/3 of total fertilization.
The irrigation of the cherry tomatoes was done by drip irrigation, with an emitter of mean flow rate of 4 L h-1 per plant, at a frequency of six times per week. The irrigation time used daily was calculated from the evaporation of the "Class A" tank. The irrigation of the plants that make up the alive barrier was performed by microsprinkler.
To 7, 14, 21, 28, 35, 42 and 49 days after transplanting (DAT) were carried out measurements of height (PH) and stem diameter (SD) of the five central plants of each block, using a measuring tape graduated in centimeters and a digital caliper graduated in millimeters, respectively. PH measurement was performed starting from stem base until the last leaf insertion, and the SD was measured at the stem base. To 70 DAT were perfo using an in USA), un conditions using the S As the da significant computatio
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Figure evaluat Vol. 10, No. 10; These increasing responses in longitudinal length and in thickness, over time, are a characteristic of the vegetative growth, where the plants provide an increasing fraction of their biomass for their development. Results similar to these were found by Ribeiro et al. (2016) , where working with pepper-rosemary (Lippia origanoides Kunth) submitted to epochs different and conditions of luminosity, the plants also presented increasing responses in height and stem diameter throughout the evaluation periods, both in the dry period and in the rainy season.
According to Camargo (2012) , when plants receive nutrients in adequate amounts, they tend to show greater growth. In this sense, Almeida et al. (2014) , working with Bidens pilosa under the influence of nutrient supply and evaluation epochs, verified that the greater the availability of nutrients, the greater the height and the diameter of the stem. Thus, the increasing results observed in the present study, besides being characteristic of plant growth, may have been influenced by the supply of organic fertilizers to the plants.
Concerning the interaction of the environment and fertilization in the PH and SD variables, it is observed that the best PH means were obtained in the environment with alive barrier and that the fertilization sources were statistically the same. However, for this same variable, in the environment without alive barrier, the treatment with chicken manure presented superior to the other fertilizations. Regarding the variable SD, the environment with alive barrier was superior to the one without barrier for the manure sources with chicken manure and bovine manure, and there was no significant difference between the environments for the treatment without fertilization. In relation to fertilizer sources, it was observed that the chicken manure presented better results than the bovine manure and the control in both the environments with barrier and the without barrier, statistically not differing from the treatment without fertilization (Table 4) . Note. Means followed by the same lowercase letters in the column and uppercase letters in the row do not differ by Tukey test at the 5% probability.
The best PH and SD responses achieved in treatments under alive barrier (Table 4) may have been obtained due to the fact that the physical barrier possibly provided better conditions for acclimatization of cherry tomato shoots in the field. On the other hand, plants grown in the environment without alive barrier may have delayed their establishment in this environment due to the direct effects of temperature, humidity and luminosity (Reis, Souza, & Azevedo, 2009 ), resulting in lower growth.
Studies by Vásquez, Folegatti, Dias, and Silva (2005) , with melon (Cucumis melo L.) in protected environment and open field, showed that solar radiation in the full sun was 26.8% higher than that of the protected environment and that in the behavior of the temperature happened the inverse, presenting internal temperature superior to the external one in 4%. In the case of this experiment, the plants that make up the alive barrier may have acted absorbing part of the heat coming from the radiation and its arrangement in the cultivation possibly contributed to the convective process of passage of hot air to the atmospheric environment (which does not occur in greenhouses), and this circulation of air and lower temperature could have contributed to the good establishment of the seedlings.
Concerning the fertilization sources employed, in both cultivation environments, it was observed that there was emphasis on fertilization with chicken manure in relation to the others. Similar results were obtained by Peixoto Filho et al. (2013) in the first cycle of lettuce (Lactuca sativa L.) cultivation, where the treatment that promoted the best results, in terms of shoot development, was that of chicken manure, to the detriment of those obtained with mineral fertilizer and bovine and sheep manure. This superiority may be related to the fact that there has been more rapid mineralization of chicken manure, promoting the release and greater availability of nutrients for the plants in this treatment, mainly in what refers to nitrogen (N), which has an essential role in the vegetative growth of plants, being required in larger quantities in the initial stages of its development (Jornada, Medeiros, Pedroso, Saibro, & Silva, 2008) .
The variables leaf area (LA), leaf dry mass (LDM) and stem dry mass (SDM) were not significantly influenced by fertilization sources nor by the use of alive barrier. However, in Table 6 , effect caused by the isolated environment factor in the variables AF, MSF and MSC is observed. In spite of not being significant, in absolute values, it can be seen that the environment without alive barrier was the one that presented the highest means for the variables LA, LDM and SDM, presenting a superiority of 5.63%; 22.47% and 13.01%, respectively. The trend of higher averages in the environment without alive barrier may have been a result of a higher direct incidence of solar radiation in cherry tomato plants, since in the alive barrier environment the plants around the crop may have acted promoting creating a milder microclimate, absorbing part of the incident radiation. Probably, as there was a greater intensity of light radiation on plants in the area without barrier, the growth and development were influenced by higher rates of photosynthesis, with consequently greater production of dry biomass in organs and expansion of leaf area (Taiz, Zeiger, Moller, & Murphy, 2017) .
According to Miralles, Martínez-Sánchez, Franco & Bañón (2011) , several growth variables can be altered according to the light intensity available. Among them, we highlight the allocation of dry biomass in root, stem, leaf and inflorescence, leaf area, total dry biomass and root/shoot ratio. This is explained by the fact that increased irradiance increases the production of photoassimilates and their availability for plant growth (Reis, Azevedo, Albuquerque, & Silva Junior, 2013) .
Although not significant, Table 7 shows, in absolute terms, the effect caused by the fertilization sources in the LA, LDM and SDM variables. It can be noticed that fertilization with chicken manure provided the highest means of LA, LDM and SDM. For all variables, the treatment without fertilization was inferior. The highest absolute values were found when the plants were fertilized with chicken manure. However, contrary results were obtained by Viana and Vasconcelos (2008) , who, when analyzing the effect of the use of bovine manure on lettuce plants, verified that this yielded better results in leaves dry mass (5.87 g plant -1
), when compared to treatment with chicken manure (3.83 g plant -1
) and control (1.27 g plant -1
). However, Costa, Rosal, Pinto, and Bertolucci (2008) , working with organic and mineral fertilization on the production of biomass of lemon-grass (Cymbopogon citratus (DC.) Stapf.), observed that chicken manure was the one that produced the best results in the production of shoot dry biomass of lemon-grass plants.
With respect to the joint effect of the environment and fertilization on the variable RIC, it can be observed that the highest averages were obtained in the environment without alive barrier and that, in this and in the barrier environment, the types of fertilization did not present any difference between themselves (Table 9 ). The cherry tomato plants cultivated in the environment with alive barrier had a lower stomatal opening, which resulted in reductions in A and E. The alive barrier, in this case, may have acted reducing the effect of the winds on the crop, intensifying the resistance boundary air layer adjascent to leaves. This air layer, derived from the water vapor released by the stomata during the transpiration process, reduces the water potential gradient between the interior of the leaves and the atmosphere, causing slower transpiration. The thicker the boundary air layer, the greater the resistance to the gas exchanges carried out by the plants, that is, smaller the stomatal conductance. The lower the stomatal conductance, the lower the carbon increment in the biomass of the plants, as a consequence of the fall in photosynthesis. Guimarães et al. (2017) , working with cowpea (Vigna ungiculata var. Sesquipedalis) under staking systems and planting spacings, found that in larger densities there was an increase in the thickness of the boundary air layer. Already under conditions of greater spacing (lower densities) the plants were more subject to the interference of the wind, which acted to reduce this layer. This may justify the fact that the cherry tomato plants of the environment without alive barrier presented superior gas exchanges, since they were exposed to the action of the winds, causing the difference of water vapor between the leaf and the atmosphere to remain high, culminating in greater transpiration. The temperature may also have contributed because the greater exposure of the leaves to the solar radiation may have left them with temperatures higher than those that were under protection of the alive barrier, causing greater losses of water by transpiration.
The cherry tomato plants in the area without barrier presented major levels of chlorophyll and as we all know, this pigment is essential to photosynthesis, since it is responsible for the process of light assimilation and transformation into chemical energy for the plants (Jesus & Marenco, 2008) contributing to greater photosynthetic rates. Probably, this greater photosynthetic performance was also caused by the greater leaf area presented by plants, which provides increased capacity to take advantage of solar energy in order to carry out photosynthesis (González-Sanpedro, Le Toan, Moreno, Kergoat, & Rubio, 2008) . Contrasting results were observed by Oliveira et al. (2006) , working with coffee trees (Coffea arabica L.) in consortium with rubber trees (Hevavea brasiliensis L.), verified higher photosynthetic rates in an environment with lower radiation.
The best WUE responses obtained by plants cultivated in environment with alive barrier may be related to the fact that the alive barrier has promoted changes in the microclimate of the growing place, as previously mentioned. The lower temperatures and higher humidity recorded may have influenced a lower water loss by plants, which can be seen in the transpiration rate, directly influencing the water use efficiency. Guerra, Costa & Tavares (2017) , when carrying out studies with lettuce under shading conditions, found that WUE was influenced by this cultivation condition, which provided lower temperature and higher humidity, occurring an increase of 21.94% in relation to full sun.
Conclusions
The environment with alive barrier provided a greater increase in the height and stem diameter variables in cherry tomato plants over time, as well as in the variable water use efficiency. When cultivated in an environment without alive barrier, cherry tomato plants showed an increase in stomatal conductance, net photosynthetic rate, transpiration and relative index of chlorophyll. Chicken manure showed to be more efficient in cherry tomato growing because of the increase in biometric variables.
